Background/Objective: To assess the risk of developing breast cancer associated with consumption of two common dietary patterns: a Mediterranean dietary pattern and a dietary pattern, which conforms to the World Health Organization Healthy Diet Index (WHO HDI). Subjects/Methods: Dietary data from a 217-item food frequency questionnaire were used to generate two dietary patterns according to pre-defined criteria in women from the UK Women's Cohort Study. Survival analysis using Cox regression was used to estimate hazards ratios for risk of breast cancer adjusted for known confounders.
Introduction
Exploration of dietary patterns may be a helpful addition to the traditional approach to studying diet and breast cancer, which has focused on single foods and nutrients (Hu, 2002) . Studies linking single foods or nutrients to breast cancer risk have generated conflicting results (Gandini et al., 2000; Smith-Warner et al., 2001) . Studies of single components cannot account for highly correlated food items or the synergistic effects of food combinations; or there may be other non-nutrient phytochemicals involved (Velie et al., 2005) . Major dietary patterns, including a Mediterraneantype diet, have been identified as predictors of other chronic diseases such as acute myocardial infarction (MartinezGonzalez et al., 2002) , colorectal cancer (Fung et al., 2003) and all-cause mortality in women (Kant et al., 2000) . In terms of breast cancer risk, dietary patterns have been less well studied than single foods or nutrients. The analytical approach that has been commonly used is factor analysis, which is population specific. In one large American study, using that approach, they failed to show an effect on risk of breast cancer with a dietary pattern characterized by high intakes of vegetables, fish, poultry and fruit (Velie et al., 2005) . Another study of an Italian cohort showed that a dietary pattern characterized by high intake of salad vegetables was protective against breast cancer (Sieri et al., 2004) .
An alternative to patterns, which have been statistically generated, would be to apply predefined criteria to describe the dietary patterns. The aim of this analysis was to explore associations between risk of breast cancer and two specific dietary patterns. One based on the degree of 'healthiness' of the diet as determined by extent of adherence to the World Health Organization Healthy Diet Index (WHO HDI) and the second based on the degree of compliance with components of the Mediterranean diet. The UK Women's Cohort Study (UKWCS) was designed to include a wide range of different dietary intakes. In particular, the wide range of vegetables and fish consumed within the cohort means that we have plenty of people with higher intakes consistent with aspects of the Mediterranean diet in order to explore the impact of this dietary pattern on risk of breast cancer.
Subjects and methods

Subjects
The UKWCS recruited 35 372 women aged 35-69 years between 1995 and 1998. Ethical approval was obtained from 174 local research ethics committees. The cohort was selected from about 500 000 responders to a brief postal survey in order to obtain a cohort with a wide range of dietary patterns represented. All of the non-red meat eaters and vegetarians from that survey who were women aged 35-69 at survey completion were included plus a comparison group of the remaining eligible women. This was achieved by selecting, for each vegetarian, the next non-vegetarian in the survey aged within 10 years of the vegetarian. More details of the process are described elsewhere Taylor et al., 2007) . At baseline, the cohort had mean age of 52 years with mean body mass index 24.5 kg/m 2 and 11% were current smokers. The cohort lived in all the areas of the United Kingdom with a predominance (33%) living in the south and east. The cohort was recruited from respondents to a direct mail survey from the World Cancer Research Fund with around half a million responders. Selection into the cohort was according to responses to a series of simple questions on diet, all responders who stated that they were either vegetarian or only ate fish were included plus a sample matched within 5-year age bands of meat eaters resulting in a cohort with wide range of dietary patterns with similar large numbers of women consuming a vegetarian-type diet, women who ate fish but not meat and meat eaters. This classification was only used to select the initial cohort. Subsequent analysis is dependent on response to more detailed questionnaires administered in this study. Having a cohort with a range of dietary patterns ensures adequate power while minimizing the effects of measurement error because of the the wide range of exposures included (White et al., 1994; Kaaks and Riboli, 1997; Schatzkin et al., 2001) .
The study was registered with the National Health Service Central Register so that all incident cancer cases and deaths were notified to the study team. Incident cancers and cause of death were coded according to the International Classification of Diseases 9 and 10. The investigation censor date was 1 April 2006, with a mean follow-up of 9 years and 828 incident breast cancers recorded. A detailed diet and lifestyle questionnaire was sent to participants at baseline. Using this information, 15 952 women were classified as being premenopausal and 17 779 postmenopausal. Menopausal status was coded using specific criteria related to menstrual and obstetric history and age. If women were currently using hormone replacement therapy or had had a hysterectomy and were aged over 50 years at baseline then they were coded as postmenopausal. Women p50 years using hormone replacement therapy or having had a hysterectomy were coded as premenopausal. Women were excluded if they had extremely high (46000 kcal/day) or low (o500 kcal/day) energy intake (n ¼ 87), as were women with prevalent breast cancer (n ¼ 860).
Dietary patterns
Diet was assessed at baseline using a 219-item self-administered food frequency questionnaire (FFQ). Two scores using predefined criteria, one representing a Mediterranean diet score and the other the WHO HDI, were generated. A description of the levels of foods and nutrients included in the two scores generated is presented in Table 1 .
Mediterranean diet score. A score indicating compliance with a traditional Mediterranean diet was based on the definition described by Trichopoulou et al. (2003) , modified with respect to the lipid ratio and consideration of meat and poultry as separate categories and generated a 0-10 score. Out of 10 components selected as being significant indicators of the Mediterranean Diet, each woman from the cohort was assigned a value of 0 or 1 for 9 of these components, using the cohort median as a cutoff. Intakes above the cutoff for vegetables, legumes, fruit and nuts, cereal, fish and ratio of monounsaturated fatty acids to saturated fatty acids each increased the score by 1. Below the cutoff intake of meat, poultry and dairy products also increased the score by 1. For the 10th component, alcohol, women consuming between 5 and 25 g of alcohol per day increased their score by 1. This generated a score ranging from 0 to 10. Owing to the small numbers in the extremities of the scale, women scoring 0, 1 or 2 were combined and women scoring 7-10 were combined.
World Health Organization HDI. WHO guidelines were used as a basis for developing a healthy diet indicator (WHO Technical Report Series, 2003) . Use of the entire set of guidelines was not possible, as comparable dietary data for some dietary factors listed were not available from our FFQ. Dietary data were available for total fatty acids, saturated fatty acids and polyunsaturated fatty acids but n-6 polyunsaturated fatty acids, n-3 polyunsaturated fatty acids and trans fatty acids could not be derived accurately from the FFQ without further validation. Monounsaturated fatty acids were available, however the corresponding recommendation from the WHO document is a difference between the other fats hence this component was not used as part of the score. Total carbohydrates, non-starch polysaccharides, fruit and vegetables consumption, protein, cholesterol and salt in food were readily available from the FFQ. We were able to estimate amounts of non-milk extrinsic sugars by subtracting sugar from fruit, vegetables and milk from total sugar. For salt added to food during cooking or at the table, a value was assigned based on a separate question, assuming a standard pinch of salt to be 0.25 g. Total daily salt intake was obtained by summing total salt in food, salt added during cooking and salt added at the table. The HDI is measured from 0 to 10 by assigning a score of 1 if the diet of a woman was within the recommended range for a component and 0 otherwise. Owing to the small numbers in the extremities of the scale, women scoring 0, 1 or 2 were combined and women scoring 7-10 were combined, leaving 6 categories.
Statistical analysis
Cox's proportional hazards regression was used to explore the relationship between the dietary patterns and risk of breast cancer, weighted for the inverse probability of being sampled, using Stata version 9 (StataCorp, 2005) . Personyears were calculated from the date the baseline questionnaire was completed until the first occurrence of either a report of incident breast cancer, death or the censor date of the analysis. Associations were estimated for pre-and postmenopausal women separately, first as a simple model adjusting for age and total energy intake by the residuals method (model 1; Willett and Stampfer, 1986) , and second, as a full model adjusting for further potential risk factors and confounders. Adjustments in the full model included variables considered to be potential confounders from previous literature. These were age, total energy intake, energy adjusted fat, body mass index, physical activity (h/day sufficiently vigorous to cause sweating), oral contraceptive use, hormone replacement therapy use, smoking habit, parity, age at menarche, alcohol intake (as grams of ethanol/day), breast feeding duration, National Statistics Socio-Economic Class (Bravo et al., 2002) and level of education (model 2).
Results
Characteristics according to dietary pattern
Of the 35 372 women in the cohort for this analysis, 860 women had a prevalent breast cancer, 695 women could not be flagged for cancer registration with the Office of National Statistics, 87 women had energy intakes outside the expected levels and 8 women had no form date. Therefore, data on 33 731 women were available for inclusion in this analysis. As only 122 subjects had the highest concordance with the Mediterranean dietary pattern and 42 subjects had the highest concordance with the WHO HDI, for further analyses the top four scores (7-10) in each pattern were grouped to ensure more equal distribution of participants by category.
Lifestyle characteristics of the women at study baseline according to each dietary pattern are summarized in Tables 2  and 3 . Women with a higher concordance to the dietary patterns were younger than women with lower concordance. Women with the highest scores on both patterns had a lower body mass index were less likely to smoke and took more physical activity.
Mediterranean dietary pattern and breast cancer risk
The association between the Mediterranean dietary patterns and risk of breast cancer is presented in Table 4 for both model 1 and model 2 for all women combined and also split according to menopausal status at baseline.
Analysis of the total cohort showed no statistically significant differences between the groups according to Mediterranean diet score for either the simple or the complex model. In premenopausal women the trend approached significance, women with the highest level of adherence to the Mediterranean diet having a hazards ratio of 0.65 (95% 166 (82) 189 (99) 215 (110) 241 (119) 277 (136) 322 (140) Fish and fish products (g/day), mean (s.d.) 20 (14) 24 (18) 27 (21) 29 (26) 30 (29) 33 (33) Poultry and poultry products (g/day), mean (s.d.)
24 (18) 21 (18) 20 (20) 18 (20) 15 (21) 9 (18) Dairy (g/day), mean (s.d.)
122 (82) 112 (80) 115 (83) 117 (91) 118 (91) 107 (90) Meat and meat products (g/day), mean (s.d.)
76 (42) 67 (46) 60 (51) 50 (54) 39 (51) 
118 (55) 133 (62) 150 (71) 170 (79) 188 (84) 219 (97) Abbreviations: HRT, hormone replacement therapy; OCP, oral contraceptive user. confidence interval: 0.42-1.02; P trend 0.087). However, postmenopausally, there was no association between adherence to the Mediterranean dietary pattern and risk of breast cancer.
HDI dietary pattern and breast cancer risk
The association between the WHO HDI dietary pattern and risk of breast cancer is presented in Table 5 for all women combined and also split according to menopausal status at baseline. There were no statistically significant associations between the HDI and risk of breast cancer in either the simple or fully adjusted model or by menopausal status.
Discussion
The UKWCS was designed to maximize the potential to compare between women consuming different dietary patterns (Schatzkin et al., 2001; Cade et al., 2010) . The study design resulted in a higher power to detect differences because of selection of women with greater contrast in dietary patterns and reducing the effect of measurement error (Schatzkin et al., 2001) . The cohort analysis undertaken provides a representative and unbiased result, as the sampling method was taken into account, being weighted for the inverse probability of being sampled. In this cohort, the women who had the highest scores for both the Mediterranean pattern and the WHO HDI had healthier lifestyle characteristics, with lower body mass index, were less likely to smoke and took more exercise compared with women with the lowest scores. Similar results were seen in a cohort from Greece which showed that those with a higher Mediterranean diet score reported healthier characteristics, being less likely to smoke, more likely to have a higher level of physical activity and a lower body mass index (Trichopoulou et al., 2003) . A random sample of subjects from Mediterranean Southern France found that those with a lower Mediterranean diet score were more likely to be smokers (Scali et al., 2001) , although in this study they also tended to be younger, unlike those in the UKWCS. Dietary patterns have the potential to be a useful tool for health promotion activity by reflecting the whole diet as opposed to single nutrients. Numerous scores exist that vary according to the choice of components in the score, the foods allocated to the specific food groups, cutoff values chosen, adjustment (or not) for energy and weighting of individual components to the total score (Waijers et al., 2007). The two patterns considered in this analysis provide a means of describing the healthiness of the diet. However, the definition of these patterns is not straightforward. Development of an index requires many arbitrary choices to be made. In addition, correlation between dietary components may not be adequately taken into account. As a result, dietary indexes may not predict disease or mortality better than individual dietary factors. A number of different Mediterranean diet definitions have been developed (Trichopoulou et al., 1995 (Trichopoulou et al., , 2003 Scali et al., 2001; Martinez-Gonzalez et al., 2002; Knoops et al., 2004) , each of which have different constructs. Medians (Trichopoulou et al., 2003) , quintiles (Martinez-Gonzalez et al., 2002) or specific cutoffs (Scali et al., 2001 ) are used as boundaries. Using the group median as a cutoff value may not be related to a healthy level of intake per se, and this will differ between populations (Waijers et al., 2007) . Differences in definitions could lead to differences in associations between the dietary pattern and health outcomes under consideration. In order to have adequate numbers at the extremes of the score distribution, we collapsed the top and bottom end of the scores. Analysis that used all score levels did not result in different findings (data not shown).
A recent comparison of dietary patterns generated by three different methods: cluster analysis, factor analysis and index score analysis found similar beneficial health characteristics in those with the highest quintiles of factor and index scores, suggesting some similarities across the approaches (Reedy et al., 2010) . However, no comparison was made across patterns with health outcomes. Other approaches to describe dietary patterns, such as reduced rank regression, may be helpful in explaining variation in disease rates via intermediary nutritional biomarker/nutrients. This approach has shown that similar patterns can account for relatively large amounts of variation across European countries (Kroger et al., 2009) .
The Mediterranean diet score has been constructed in a number of ways and components may vary depending on the population and outcome under examination. In general, characteristics of the Mediterranean diet are high intakes of vegetables, fruits, legumes, cereals, fish and a moderate intake of red wine during meals (Sofi et al., 2008) . The EPIC Greece cohort found that the dominant components of the Mediterranean diet score as a predictor of lower mortality were moderate consumption of ethanol, low consumption of meat and meat products, and high consumption of vegetables, fruits and nuts, olive oil and legumes (Trichopoulou et al., 2009) . However, in Northern European populations, such as the UKWCS, these essential components may be consumed in different forms and proportions. Rumawas et al. (2009) have recently described an alternative approach for the derivation of a Mediterranean pattern score for use in non-Mediterranean populations. Jensen et al. (2008) used the Mediterranean diet score developed by Trichopoulou et al. (2005) to estimate adherence to a hearthealthy diet in a Danish population. A modified version of this score, in which monounsaturated fats are replaced by all unsaturated fats, has been suggested to make its application more suitable to countries in which olive oil is not the main source of unsaturated fatty acids. Healthy dietary patterns, and in particular the Mediterranean diet, has been explored with regard to cardiovascular disease outcomes (Martinez-Gonzalez et al., 2002; WHO Technical Report Series, 2003; Panagiotakos et al., 2006; Willett, 2006) . Less is known about how these patterns relate to risk of cancer (de Lorgeril et al., 1998; Fung et al., 2005; Cottet et al., 2009) . A meta-analysis of six cohort studies found that a Mediterranean dietary pattern significantly reduced the incidence or mortality from cancer, relative risk 0.94, 0.92-0.96; Po0.0001 for a two point increase in adherence (Sofi et al., 2008) . In our study, we were not able to find any statistically significant associations between either the Mediterranean diet score or the WHO HDI and risk of breast cancer. There is some evidence that a Mediterranean diet could impact on diabetes incidence rates (Martinez-Gonzalez et al., 2008) , a disease which is likely on the causal pathway for chronic heart disease, but potentially also for breast cancer (Kabat et al., 2009) . A recent analysis of the 14 807 women in the Greek EPIC cohort also found no overall association with the Mediterranean diet score and risk of developing breast cancer, however they did find a marginally significant inverse association among postmenopausal women (Trichopoulou et al., 2010) .
Studies which have explored the relationship between the Mediterranean dietary pattern and breast cancer risk have tended to use factor analysis to assign the dietary pattern (Sieri et al., 2004; Fung et al., 2005; Velie et al., 2005; Ronco et al., 2006; Murtaugh et al., 2008; Cottet et al., 2009 ). This approach is very different from using scores, as it groups correlated food types into patterns. Patterns identified in one population may well be different from patterns identified in another, making the transferability of population-specific patterns potentially problematic. Factor analysis if used on nationally representative samples may, however, lead to identification of dietary patterns, which may be more suitable for local dietary advice. Our results are not conclusive with regard to the patterns described. Other studies have used different dietary patterns to describe diet. The EPIC cohort explored risk of breast cancer with fruit and vegetable consumption and found no associations (van Gils et al., 2005) , however, the whole dietary pattern was not considered in that analysis. This may be important, as another analysis of the EPIC data found that although adherence to the traditional Mediterranean diet was associated with a significant reduction in total mortality, the associations between each individual food group contributing to the Mediterranean diet score and total mortality were not all individually significant (Trichopoulou et al., 2005) .
A large French cohort with 2381 postmenopausal invasive breast cancer cases also described dietary patterns by factor analysis rather than using a score. The 'healthy/Mediterranean' dietary pattern was negatively associated with breast cancer risk, particularly in women who were estrogen receptor positive and progesterone receptor negative (Cottet et al., 2009) . The Nurses Health cohort also used factor analysis to identify two main dietary patterns: the prudent diet, similar to a Mediterranean-type diet and the Western diet. They did not observe an overall association between dietary pattern and risk of postmenopausal breast cancer. Unlike the French cohort, amongst the 17% of women who were estrogen receptor negative, there was a reduced risk of breast cancer with higher prudent diet score (Fung et al., 2005) . Hormone receptor status is not currently available for the UKWCS.
Putative mechanisms that relate dietary patterns to the development of cancer do exist and may include rates of growth and development. For example, a high fat, low fiber dietary pattern may advance the onset of puberty, resulting in earlier menarche, earlier onset of breast development, and an earlier growth spurt. Both earlier menarche and adult tallness are markers of increased risk of breast cancer (Key et al., 2001 ). To date, no studies have been designed with a long enough dietary follow-up throughout the life course to confirm this theory. In some populations (Mikkila et al., 2005; Lake et al., 2006) , though not all (Gallagher et al., 2006) , adult diets have been correlated with childhood diets suggesting that diet in adulthood may be a reasonable proxy for diet earlier in life. Dietary patterns in adulthood may also be associated with risk of breast cancer development possibly through an effect on hormone levels. For example, vegetarian women who have higher levels of fiber and lower fat intakes have lower blood levels and reduced urinary excretion of estrogens (Goldin et al., 1982) .
As this is a prospective study, recall bias is unlikely. However, accurate measurement of food intake is important for studies of dietary pattern. The FFQ used in this cohort has been validated against biomarkers (Spence et al., 2002) and follows recommendations for good design . The dietary patterns described reflect existing predefined scores and may not necessarily be those that are optimal for breast cancer prevention. The UKWCS has a health conscious outlook with relatively low smoking rates and low body mass index (Cade et al., 2004) . It is possible that less healthy dietary patterns were underrepresented in our cohort. A further weakness of this study was that we did not have information on hormone receptor status of the tumor. Other studies have shown a possible link between dietary pattern and hormone receptor status although findings are not consistent (Fung et al., 2005; Cottet et al., 2009 ).
In conclusion, no statistically significant associations were seen between two common healthy dietary patterns, the Mediterranean diet and the WHO HDI, assessed by a standard scoring method and risk of development of breast cancer. In premenopausal, but not postmenopausal women, there was a nonsignificant inverse association with increasing adherence to the Mediterranean diet pattern.
